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ABSTRACT 



A method for forming a thin film on a substrate, which 
comprises aligning an evaporation means for an evapo- 
rating material to be deposited on the substrate, a 
plasma generating zone for dissociating an ion-forming 
gas into ions and electrons, an ion beam accelerating 
zone for accelerating the resulting ions and irradiating 
them onto the substrate, and said substrate on a substan- 
tially straight line in the order stated, and depositing a 
vapor of the evaporating material on the substrate 
through the plasma generating zone and the ion beam 
accelerating zone. According to this method, surface 
irradiation can be carried out uniformly because the ion 
species and the vapor atoms are irradiated m quite the 
same direction. Furthermore, the vapor atoms can be 
activated to a high degree, and the by-product electrons 
can be effectively utilized for the evaporation of the 
evaporant. 

9 Claims, 2 Drawing Figures 
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source containing boron is evaporated and deposited in 
APPARATUS FOR THIN FILM FORMATION a predetermined amount on the substrate 7. Further- 

more, a predetermined ion species is irradiated on it 
This is a division of application Ser. No. 724,188, filed with a preo^tennined ion acceleration energy. -Wto i at 
a 17 iQftS 5 the same time, a predetermined negative bias voltage is 

on Apr. i /, i to ^ a thin film of BN having a high 

BACKGROUND OF THE INVENTION hardness and composed mainly of cubic BN (CBN) and 

I. Field of the Invention hexagonal closed packing BN (WBN) is formed on the 

This invention relates to an improvement in a method surface of the substrate 7. 
for forming a thin film comprising a combination of ion 10 Since the composition of the thin film to be formed ts 
beam deposition and vacuum evaporation, and more determined by prescribing the rat.o between the ions to 
spedficauy, to a method and an apparatus for produc- be irradiated and the deposited aton^ thm films of 
tag a thin film of high quality, for example a thin high- different compositions, for example a BN film, can be 
quality film of boron nitride (to be referred to as BN) of easily produced by varying this _ratio. 
JJrT / 15 In the aforesaid method of thin film formation, the 

3L of the Prior Art path of the ion atoms to be irradiated toward the sub- 

Tte£2 mvLtors^usly Proposed a novel Late 7 from the ion source 2 and the path of the evapc- 
meAod foTtaming a thin film comprising a combina- rating atoms to be irradiated toward the substrate 7 
SoTof ion S» and vacuum deposition in Japa- from the metal vapor evaporating device do not eratin 
^Sd^Zpatent Publication No. 2022/1983. This 20 the same direction Hence, accordmg to the apparatus 
method is dtacted to the formation of a thin film of a shown in FIG. 2, the evaporatmgatoms are projected at 
me3 l«SSo« the surface of a substrate by ion an inclined angle toward die sub^^andowmg to 
beam depJsMon, in which accelerated ions are irradi- minute rased and depressed portions on the ««J«eof 
ated ontothe substrate, and a vapor of the metal com- the substrate 7 or a film-forming surface, shaded _parte 
pound is irradiated on the substrate simultaneously or 25 occur microscopically which remam non-urac^ted 
Eately with the irradiation of the ions. According with the evaporated atoms. Uniform surface irradiation 
to this method, the evaporant to be deposited is chemi- is, therefore, impossible. 

callTcombined with thVions by utilizing the activated Furthermore, although it would be easy forthe ^.on 
enJgy or kinetic energy of the accelerated ions and a atoms to attiun a highly excited level on the substrate?, 
newWrial is formed on the substrate. 30 the evaporating atoms are not activ^ed. ^therefore, 

FIO. 2 of the accompanying drawings is a schematic the evaporating atoms are deposited after they -are 
view showing a rytrical apparatus for carrying out this caused to gam an activated energy state, the reaction 
me^od ofto fito formTtiT A gas to be ionized, for and combination with the ,on atoms can favorably be 
example nitrogen, is introduced into an ion source 2 via facilitated. 

SvalvelLd ionized there. The ions are then accel- 35 Furthermore, in the thin-film forming apparatus 
* « a£*taS to impart a predetermined ion based on this conventional method, an •on-formmg gas 
accelerating energy. The ions are then introduced into is introduced mto a plasma generating zone of an , on 
ananalyzer magiS 4 where only the required ion spe- source to generate ions. During this time, ^elec- 
cies are magnetically selected and supplied to a reaction Irons generated simultaneously flow to the ground 
i™w5 ' 40 through the wall surface of the ion source, and conse- 

The reaction chamber 5 is maintained under a high quently, the high energy of the electrons is wasteful* 
vacuum of 10-* torr or less by a vacuum pump 6 (for discharged. 

example, a turbo molecular pump). A substrate 7 is fixed SUMMARY OF THE INVENTION 

to a substrate holder 8 and the selected ion species are , 
indited on the substrate. In order to irradiate the ion 45 It is an object of this invention to provule a method 
Sslmiformly on the substrate 7, it is desirable to and an apparatus for formmg a dim film of high quahty 
S ion species through a focusing lens 9. by a combination of ion beam dep^tion^d vacuum 

An evaporation device 10 is disposed below the sub- evaporation, wherein uniform surface irradiation free 
strate 7. This device is heated by a suitable method, for from shading is earned out byahgmng a path or ton 
example by electron beam heating or laser beam heat- 50 beams and a path of atoms to be deposited m the same 
ing. The evaporation device 10 includes an evaporation direction. ^.^aa,, a 
sotrce containing B, for example. The amount of the Another object of this invention is to provide a 
evaporation source containing B to be deposited and the method and an apparatus for forming a thin film 
SSn°sS^be measured by avibratory film wherein a material to be evaporated and Je^tedis 
thickness tester 11 including a quartz plate, for example, 55 activated simultaneously with the formation of bigh-en- 
which is disposed side by side with the holder 8. ergy ions in ion beam deposition. 

The number of atoms of the ion species, Le. the ionic Still another object of this invention is to provide a 
current, can be accurately measured by an integrating method and an apparatus for formmg a thin film 
ammeter 13 having a secondary electron repelling elec- wherein electrons generated in an ion generating zone 
annexed to i^ » are also effectively utilized for ^the evaporation wtthin 

A voltage-adjustable bias power supply 1* is con- this system of a material to be deposited, 
nected between the substrate 7 and the secondary elec- A further object of this invention is to providea 
tron repelling electrode 12 so that a negative bias volt- method and an apparatus for formmg a ttam fihn of good 
age is applied to the substrate 7. quahty, for example, a high-quality thm fihn of BN 

In this device, the substrate 7 is set at a predetermined 65 having high hardness on a substrate at a high speed ot 

position, and the inside of the reaction chamber 5 is film formation. ... a 

maintained at a predetermined degree of vacuum. By According to this invention, there b Prided e 
operating the evaporation device 10, the evaporation method for forming a thin film on a substrate, which 



09/06/2002, EAST Version: 1.03.0002 



4,676,194 

3 4 

comprises aligning an evaporation means for an evapo- lens 26 may be composed of a extracting lens, a deceler- 
rating material to be deposited on the substrate, a ating lens and an accelerating lens (notshown) known 
plasnta generating zone for dissociating an ion-forming per se either alone or in combination. Tte substrate M 
L into ions and electrons, an ion beam accelerating on which the >ons and vapor are arereceived 
^ne for accelerating the resulting ions and irradiating 5 within a reaction chamber 27 above the acceleraung 
tte^ontothesubstrlte.andsaidsubstrateonasubstan- zone 19 while it isj supported by the i»PPOrtmg 
rially straight line in the order stated, and depositing a nism 20. At one end of the chamber 27 >s provided a gas 
vapor of the evaporating material on the substrate exhausting port 28 connected to a suction vacuum 
through the plasmfgenerating zone and the ion beam pump (not shown) so as to direct flows of reacting 
accelerating zone. 10 atoms or molecules in a direction at right angles to the 

In another aspect, the electrons generated in the plas- substrate. , , . . „ 

ma-geLatmgTone are irradiated in the form of beams The substrate 18 and the bolder , mechanism .a> are 
onto the evaporating material to be deposited in the connected to a dc power supply so that the substrate 18 
aforesaid method is of negative polarity and the holder mechanism 15 is of 

According to this invention, there is also provided an 15 positive polarity. In the illustrated embodiment, the dc 
apparatus for forming a thin film on a substrate, com- power supply 30 is comprised of an ion accelerating 
pridng an evaporation means for evaporating an evapo- variable negative power supply 30a and » electron 
rating material to be deposited on the substrate, a accelerating variable 9™*™^™*??™ ^^% 
plasma generating zone for dissociating an ion-forming arc connected in series to each other through the eartk 
g« into ions and electrons, an ion beam accelerating 20 The plasma generatmg chamber ^grounded taougb 
zone for accelerating the resulting ions and irradiating a resistor so as to avoid flow out of electrons, and the 
on substrate, and a mechanism for supporting ion extraction electrode 25 is connected to a vanable 
saM substrate, said members of the apparatus being negative power supply 31 for applying a bias voltage 
aliened on a substantially straight line in the order which enables ions to be taken out. 
staled; a extraction electrode disposed between the 25 An electron focusing magnet cofl 32 us disposed be- 
pfasma generating zone and the ion beam accelerating tween the plasma generatmg zone 17 and >b« "^pont- 
ine for extracting the ions to the ion beam accelerating ing material 16 for accelerating the elections generated 
zone: and an accelerating mechanism provided between in the plasma generating zone in the form of beams 
the plasma generating zone and the evaporation means toward the evaporatmg inatenal 16. 
for accelerating the electrons formed in the plasma 30 The ion-fonmng gas 21 introduced through the gas 
generating zone toward the evaporatmg material to be introducing tube 22 enters the plasma generating cham- 

ber 29 having the plasma generatmg zone 17. Then, by 
oeposuea. emitting thermoelectrons from the filament 23, a plasma 

BRIEF DESCRIPTION OF THE ^ generated, and at the same time, the efficiency of 

ACCOMPANYING DRAWINGS 35 plasma generation is increased by the plasma generating 

FIG 1 is a schematic view of the thin film forming magnet coil 24. As a result, the dissociated ions and 
apparatus of this invention; and electrons are produced in the plasma generating zone 

FIG 2 is a schematic view of the conventional thin 17. 
fita fonnina a^u^is The resulting ions are taken out of the plasma gener- 

fflm-forming "PP**^- ^ . zon£ n » mt0 ^ reaction chamber 27 

DETAILED DESCRIPTION OF PREFERRED maintained under a high vacuum of 10-* torr or less by 
EMBODIMENTS a vacuum pump, by the action of the extraction elec- 

The marked characteristic of this invention is that an trode25to which a negative biw voltage baw^ Tte 
evaporating material 16 to be deposited which is held ions are focused and accelerated by the action of the 
byTholder mechanism 15, a plasma generating zone 17 45 lens 26 and irradiated as acce erated ion beams onto the 
KS?«n ion-for^tag gas too ions and elec- substrate 18 to which a negative .bias voltage is ^pphed. 
irons, an ion bLn accelerating zone 19 for accelerating In the present mven^the ^energy of Ae ions 
theresulting ions and irradiating them onto a substrate is desirably set at 0.01 KeV to 100 KeV,per atom, 
5? 3te sX£te 18 supported on a supporting preferably, 0.1 KeV to 40 KeV per, .torn. Tta adjust- 
mechanism 20 are all aligned on a substantially straight 50 ment makes .t easy to form the _ desired thin flta _al- 
line in this order, as shown in FIG. L though it depends on the type of the evaporant m^rial 

In a plasma generating chamber 29 in FIG. 1, the According to the present apparatus, the electrons 
holding mechanism 15 such as a copper hearth contain- generated in the plasma generatmg zone 17 are used as 
ing the evaporating material 16 such as metallic boron is a source of supply of electron beams for heatog the 
provided at the bottom, and the plasma generating zone 55 evaporating material of the vacuum evaporation means 
17 exist above it A gas introducing tube 22 for intro- to be described below. 

duction of the ion-forming gas 21 into the plasma gener- In the vacuum evaporabon_ me^provided m tite 
ating zone 17 is provided, and around it are disposed a thin film forming apparatus of this mvenhon, tne<»pper 
filament 23 for emitting thermoelectrons and a plasma hearth 15 containing the metallic substance 16 to be 
generating magnet coil 24. An extraction electrode 25 in 60 deposited, for example, B, is provided at a part of the 
frfd or lattice form, for example, is provided between wall surface of the plasma generating d"*""-* 
the plasma generating zone 17 and the ion beam acceler- voltage is applied across the copper hearth 16 and the 
S zone 19 above h for extracting the ions generated substrate 18 by the dc power supply 306 so that die 
in the plasma generating zone 17 into the accelerating copper hearth 16 becomes positive. As a result, the 
zone 19 5 6 65 electrons in the plasma generatmg zone 17 are irradiated 

An accelerating mechanism, a lens 26 in FIG. 1, is in the form of beams onto the metallic substance 16 by 
provided in the ion beam accelerating zone 19 in order the electron focusing magnet cod 32. whereby ^the me- 
to accelerate the extract ions in the form of beams, The talhc substance 16 is heated and becomes easily evapo- 
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, _?„. ,.,u.„„~> while heme The ion species may be an ion species having a prede- 

rable. The evaporated metallic. ^tanoe, wMetemg ^ ^^deration energy which acts on the 

highly ionized during passage through the plasma gen containing B to form a thin film of 

S zone 17, is finally deposited on the su^ l^ and being composed mainly 

According to the present invention desenbed ffcove, cbn-WBR Preferably, it is either one of a nitrogen 

the ion beams and the evaporating material can be uta- 5 rtCBN n ^ y molecule ion (N^); an ion of 

dinted simultaneously onto the substrate m ****** fZS compound inch as an ammonia ion (NH 3 +); 

the same direction. Hence, uniform surface njadianon » boron compound such as a boron nitride ion 

without shading can be effected, and a thin uniform film g™^™,,^ ^ ion ^ ^ Ar+. B^rfcor 

having a high quality can be formed. , AI1B2N4 may be ionized and used as the ion species. 

Furthermore, by irradiating the evaporating material AI J H ^ 8tivdyj ^ dtrogen-containing ion species may 

on the subtrate through the plasma generating zone ana ^ ^ together with such an ion species as a boron ion 

the ion accelerating zone, the evaporating material can or & b dm boride ion (BiH 6 +). 

be highly activated, and the reaction of the evaporating ^ ^ jon fe m ^ plasma generat- 

material with the ions can be more easily earned out ^ ^ ^ suppKed to ^ surface of the substrate. 

Another advantage of the present invention is that ^ be of any material such as ceram- 
the electrons generated in the plasma generating zone superhard ajioys, cermets or various metals or al- 
are effectively utilized for the heating and evaporation However, if the substrate is an electrical insulator, 
of the evaporating material, and therefore the energy ^ gte^enstfcs e f a film deposited thereon wffl vary 
cost can be curtailed, and the structure of the evaporat- M betweeD a cn arged site and a non-charged site and van- 
tag means can be simplified. . ations in characteristics tend to occur easily throughout 

Heating of the evaporating material is not limited to ^ film. The substrate is therefore preferably an etec- 

the aforesaid embodiment, and may be carried out by ^ conductor. The electric insulator may be used if a 

laser beam heating or heating by a heater with or with- ^ film of an electric conductor is formed on its sur- 

out electron beam heating. 25 face by a conventional method. RN 

The suitable negative voltage (Ei) to be applied to the It te important that in the formation of the thm BN 

substrate is -0.01 KV to -20 KV, preferably -0.1 ^ m accordance with this invention, fte ion accel=ra- 

KV to - 10 KV. The suitable negative voltage (E2) to tion energy of the ion species should be 5 to 1 w *e v 

be aDDlied to the drawing electrode is -0.01 KV to ^ atoin 0 f the ion species. 

- 100 KV oreferably -5 KV to -40 KV. The suitable w u the non acceleration energy of this ion species is 

nositive voltage to be applied to the evaporating mate- less than 5 KeV, the amount of the ion species injected 

naT^ to 20 KV, preferably 4 to 10 KV. into the deposited film decreases and tite sputtemg 

For example, a thin film of BN having high hardness phenomenon becomes dominant If it exceeds ™JfV 

maVte fomed by using the apparatus described above ^ ion species is implanted much deeper than the de- 
S f ri ««iai. TlTsubstrate 18 is set at a 35 posited layer on the surface of the substtate, andrt* 

LdeteS^pcriuon, and the inside of the reaction dWicult to form a highly bard BN film composed 

chaS™?m^^ed at a predetermined degree of mainly of CBN or WBN in the deposited hyer. F^Oter- 

vaTu^By opSog the evaporating means, evaporat- more , the temperature of the der^si^ la^^comes 

^Z^iT^^d from the evaporation source too high, ^ the formation fo ^^SSTrfSN? 
W conning B, passed through the plasma generating 40 and a highly hard BN film composed maily of CBN is 

.„.. 17 and deoosited in a predetermined amount on difficult to form. ,,.„ 

thrLtetS iWmesameLe, anion species at least m this embodiment of this invention, the ^atonnc 

c^SmS dSgen b irradiated onto the substrate by a ^0 supplied from the evaporating sourceand *e.on 

SSned ion accelerating energy and simulta- species is desirably adjusted to a range of from (UN to 10, 
P ^^Se^rnu^3ve bias is applied to the 45 and this leads to the formation of a BN film of very high 

Sof BN formed on the surface of the substrate 18. B/N atomic ratio is m the range of from 0^ to 5. 

^sbeHevedtot^cording to this invention, the ion Furthermore, in this embodiment of the mventaon, m 

J£l ^cSuS SET relatively easily attains a conjunction with the setting of *e lona^erauon 
SSLS! S I of the SP» hybridized orbital on the 50 energy of the ion species wrthm a P**«"»™* 

the desired highly hard BN film can be formed effi- aze CBN or WBtt temperature 

ciently at a high speed of film formation. Mefffly.m^P™ 

^e^vapXTsTurce containing boron may be at ^j^^S^ZmM^ -** to 

least one of metallic boron and boron expounds such 65 ^ te »ffiJ e ^S ™ te produce d locally and 

as boron nitride, boron sulfide, phosphorus bondehy- +™^*$?Z Sy mainkined, and the result- 

drogen boride, metallic borides containing aluminum or g^^^E^^ «, avoid conversion to 

magnesium and borides of transition metals. mg ^ ar * or WDLy ^ 
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HBN. If the temperature of the substrate is less than 
-200* C the BN film formed on the substrate surface 
is liable to peel off. If it exceeds 700° C, the resulting 



The substrate 18 was heated by a ceramic heater (not 
shown). 

The results obtained are summarized in Table 1. 
TABLE 1 



Atomic Ion accelera- 
Sample B/N ting energy 
No. ratio per ton (KeV) 



Volatge of the 
negative power 
supply for ion 
acceleration 
(KV) 



Speed of Electric 

Temperature fihn resist- 

of the sub- formation ancc 

strate CC-) (A/min.) (ohms-cm) 



Hardness 
(Hv; kg/mm 2 ) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 



12 
9 
5 
2 
1 

0.6 

0.5 

0.1 

1 

t 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 



30 


0.01 


200 


600 


30 


0.01 


200 


450 


30 


0.01 


200 


360 


30 


0.01 


200 


220 


30 


0.01 


200 


150 


30 


0.01 


200 


20 


30 


0.01 


200 


14 


30 


0.01 


200 


6 


30 


0.1 


200 


150 


303 


0.5 


200 


165 


313 


1.5 


200 


180 


32.0 


2.0 


200 


ISO 


3 


0.01 


200 


6 


10 


0.01 


200 


15 


20 


0.01 


200 


60 


50 


0.01 


200 


160 


100 


0.01 


200 


120 


210 


0.01 


200 


105 


30 


0.01 


50 


180 


30 


0.01 


400 


180 


30 • 


0.01 


700 


180 


30 


0.01 


800 


180 



3 X 10 5 

2 X 10 9 

1.5 X 10 10 
2J. X 10 10 
2.4 X 10 1D 
2.9 X 10 10 

1.6 X 10 13 

3 X 10 15 



3000 
3500 
5100 
6300 
6900 
5400 
4800 
4100 
6900 
7000 
7050 
7100 
2500 
3500 
5200 
7000 
6900 
3100 
6700 
6900 
6500 
4000 



CBN or WBN is liable to change to HBN. Experiments 
have shown that the optimum temperature of the sub- 
strate is 0° to 400° C 

The following examples illustrate the present inven- 
tion more specifically. 

EXAMPLE 1 

A thin film was formed under the following condi- 
tions by using an apparatus of the type shown in FIG. X 
.Evaporating material: metallic boron 
Ion-forming gas: nitrogen gas 
Substrate: Single crystal silicon 
Degree of vacuum in the reaction chamber: 2X10 -5 

ton- 
Ion accelerating negative voltage (Ei): See Table 1 
Negative voltage (E2) applied to the drawing electrode: 

35 KV 

Positive voltage (E3) applied to the evaporating mate- 
rial: 4 KV 

Temperature of the substrate; See Table 1 

When nitrogen gas is used, N2 + and N+ ions are the 
main ion species, and the doses of these ions were mea- 
sured by using a Faraday cup 33a and a calorimeter 336 
shown in FIG. 1. The thickness of the film was mea- 
sured by a film thickness monitor 34 (FIG. 1) based on 55 
quartz oscillation. 

The B/N atomic ratio was adjusted by changing the 
electron acceleration voltage (E3) and the current to the 
electron focusing lens 32 and thereby changing the 
amount of metallic boron evaporated. 60 

The BN composition ratio in the film was determined 
as foDows: The BN composition ratio of a sample was 
determined by the Rutherford's back scattering 
method. Based on the result obtained, calibration curves 
with respect to the measured values in the film thickness 65 
monitor, the Faraday cut and the calorimeter were 
prepared, and the BN composition ratio of the film was 
then determined from the calibration curves. 



35 



40 



45 



50 



With reference to Table 1, it is noted that samples 
Nos. 1 to 8 have varying atomic ratios of B/N, and 
sample No. 5 having a B/N atomic ratio of 1 shows the 
largest hardness. 

In samples Nos. 9 to 12, the ion acceleration energy 
per ion becomes larger as the voltage of the negative 
power supply for ion acceleration becomes larger. As a 
result, the hardness becomes slightly higher, and the 
speed of film formation increases. 

It is noted with reference to samples 13 to 18 that if 
the ion acceleration energy is limited within a predeter- 
mined range, excellent hardness characteristics can be 
obtained, and the speed of film formation can be in- 
creased. 

With samples Nos. 19 to 22, the hardness characteris- 
tics were examined by varying the temperature of the 
substrate. 

EXAMPLE 2 
Production of an A1N film: 

An A1N fihn of high quality was formed by using an 
apparatus of the type shown in FIG. 1. 

Specifically, a silicon substrate was set at the support- 
ing mechanism 20, and the inside of the reaction cham- 
ber 27 was evacuated to 2X 10~ 6 torr. Highly pure N2 
gas was introduced into the plasma generating chamber 
to form N2+ and N+ ions. The ions were passed 
through the accelerating zone and irradiated onto the 
substrate. At this time, the electrons generated in the 
plasma generating chamber 17 were irradiated on 
highly pure Al which is the evaporating material 16, 
and accelerated. Thus, Al was evaporated. The evapo- 
rated Al atoms were highly activated during passage 
through the plasma generating chamber 17 and the ion 
beam accelerating zone 19 and deposited on the sub- 
strate. 

The conditions for die formation of the A1N fihn 
were as follows: 



09/06/2002, EAST Version: 1.03.0002 



4,676, 

9 

Degree of vacuum in the reaction chamber: less than 

1X10- 4 ton- 
Negative voltage for ion acceleration: 2 KV 
Ion accelerating energy: 20 KeV 

After film formation for one hour, an A1N film hav- 5 
ing a thickness of 9000 A was obtained. 

In this example, the Al atoms were also excited and 
therefore the resulting A1N film was of high quality and 
dense. The adhesion of the film to the substrate was 
excellent . 10 

A comb-like electrode was formed in the A1N thin 
film, and the sonic velocity of the Rayleigh's waves 
propagating on its surface was measured and found to 
be 5700 m/s. Hence, it was found to have the excellent 
characteristics of an SAW element 15 

When Ti, Ta, W and Cr were respectively used in- 
stead of Al as the evaporating material 16, thin films of 
highly pure nitrides of the respective metals were ob- 
tained. 

20 

EXAMPLE 3 

Production of an amorphous silicon film: 
Example 2 was repeated except that hydrogen gas 
was used instead of the nitrogen gas, and Si was used 
instead of Al. By using a mixture of hydrogen gas and I 25 
ppm of B2H6 as the doping gas, there was obtained an 
amorphous silicon film whose valence electron could be 
controlled. 

EXAMPLE 4 * 30 
Production of a TiC film: 

Example 2 was repeated except that a superhard alloy 
drill was used as the substrate 18, metallic Ti was used 
as the evaporating material 16, and methane gas was 
used as the ion-forming gas 21. The operation was per- 35 
formed for 1 hour to coat a TiC film having a thickness 
of 1 micrometer on the drill. During the operation, the 
drill was vibratorily rotated 

Ion irradiation increased the nucleus generating den- 
sity, and fine Tic particles grew. In addition, since the 40 
Ti atoms were deposited in the highly activated state, 
the denseness of the resulting film and its adhesion to 
the substrate increased. Furthermore, the composition 
of the film was uniform since the two materials were 
irradiated in the same directions. It was found that the 45 
drill coated in this example had a service life about 
twice as long as that obtained by RF ion plating. 

EXAMPLE 5 

Production of an AI2O3 film: 50 

Example 2 was repeated except tha single crystal 
silicon was used as the substrate 18, metallic Al was 
used as the evaporating material, and oxygen gas was 
used as the ion-forming gas 21. By performing the oper- 
ation for 1 hour, an AI2O3 film having a thickness of 55 
6000 A was obtained. 

The resulting film was found to have a surface resis- 
tance of 10 12 ohms-cm. 

When methane gas was used as the ion-forming gas 
21 in the above procedure, an AI4C3 film could be 60 
formed. 

What is claimed is: 

1. An apparatus for forming a thin film on a substrate, 
comprising: 

0) evaporation means for evaporating an evaporating 65 
material to be deposited on the substrate; 

(ii) a plasma generating zone for dissociating an ion- 
forming gas into ions and electrons; 



(iii) a thermoelectron emitting filament disposed in 
said plasma generating zone; 

(iv) a plasma generating magnet coil fitted at an outer 
peripheral position of said plasma generating zone; 

(v) a gas introducing tube for introduction of the 
ion-forming gas into said plasma generating zone; 

(vi) an ion beam accelerating zone for accelerating 
the resulting ions and irradiating them on the sub- 
strate; 

(vii) an extraction electrode disposed between the 
plasma generating zone and the ion beam accelerat- 
ing zone for extracting the ions to the ion beam 
accelerating zone; 

(viii) an electron accelerating mechanism provided 
between the plasma generating zone and the evapo- 
ration means for accelerating the electrons pro- 
duced in the plasma generating zone toward the 
evaporating material; 

(ix) a DC power supply connected between the sub- 
strate and the evaporation means which maintains 
the substrate in negative polarity and the evapora- 
tion means in positive polarity; and 

(x) a mechanism for supporting said substrate, 
wherein the evaporation means (i), the plasma gen- 
erating zone (ii), the ion beam accelerating zone 
(iii) and the substrate supporting mechanims (iv) 
are aligned on a substantially straight line in the 
order stated. 

Z An apparatus for forming a thin film on a substrate, 
comprising: 

(i) a reaction chamber for housing a substrate; 

(ii) ionizing means, in flow communication with the 
reaction chamber, for ionizing atoms into posi- 
tively charged ions and electrons; 

Oii) gas means for introducing ionizable gas atoms 
into the ionizing means; 

(iv) holding means, in flow communication with the 
ionizing means, for holding an evaporatable mate- 
rial; 

(v) electron heating means for directing electrons, 
resulting from ionization by the ionizing means, 
toward the holding means so that atoms of an 
evaporatable material in the holding means will be 
evaporated into the ionizing means; and 

(vi) ion directing means for directing ions of gas and 
evaporatable material from the ionizing means to 
the substrate in said reaction chamber. 

3. The apparatus of claim 2, wherein the holding 
means, the ionizing means, the ion directing means and 
the substrate are disposed in a substantially straight line 
in the recited order. 

4. The apparatus of claim 2, wherein the ion directing 
means comprises means for directing gas ions and ion- 
ized evaporated material onto the substrate in a same 
direction. 

5. The apparatus of claim 2, wherein the ionizing 
means defines an ionizing zone wherein the gas atoms 
and atoms of the evaporated material are ionized, said 
ionizing means including a thermoelectron emitting 
filament and a plasma generating magnet disposed adja- 
cent the ionizing zone. 

6. The apparatus of claim 2, wherein the electron 
heating means includes a magnet coil disposed between 
the ionizing means and the holding means for focusing 
the electrons resulting from gas ionization onto the 
evaporatable material. 

1. A system for forming a thin film on a substrate, 
comprising: 
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(i) ionizing means for ionizing atoms into positively 
charged ions and electrons; 

(ii) gas supply means for supplying atoms of an ioniz- 
able gas to the ionizing means; 

(iii) a supply of evaporatable material in flow commu- 5 
nication with said ionizing means; 

(iv) evaporating means for directing electrons, result- 
ing from ionization of the gas atoms by the ionizing 
means, at the supply of evaporatable material, so jq 
that atoms of the evaporatable material are evapo- 
rated into the ionizing means; 

(v) a substrate in flow communication with said ioniz- 
ing means; and 
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(vi) ion directing means for directing gas ions and 
ions of evaporatable material, produced by the 
ionizing means, onto the surface of said substrate. 

8. The system of claim 7, wherein said ionizing means 
defines an ionizing zone and includes: 

a thermoelectron emitting filament disposed in the 

ionizing zone; and 
a plasma generating magnet disposed adjacent to the 

ionizing zone. 

9. The system of claim 7, wherein the supply of 
evaporatable material, the ionizing means, the ion di- 
recting means and the substrate are disposed in a sub- 
stantially straight line in the recited order. 
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